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Summary
Objective: The association between polymorphisms in 
intron 1 of the fat mass and obesity associated gene 
(FTO) and obesity-related traits is one of the most ro-
bust associations reported for complex traits and is es-
tablished both in adults and children. However, little is 
known about the longitudinal dynamics of these poly-
morphisms on body mass index (BMI), overweight, 
and obesity. Methods: This study is based on the 2,732 
full-term neonates of the German GINI-plus and LISA-
plus birth cohorts, for whom genotyping data on the 
FTO variants rs1558902 (T>A) or rs9935401 (G>A) were 
available. Children were followed from birth up to age 
6 years. Up to 9 anthropometric measurements of BMI 
were obtained. Fractional-Polynomial-Generalized-
Estimation-Equation modeling was used to assess de-
velopmental trends and their potential dependence on 
genotype status. Results: We observed no evidence for 
BMI differences between genotypes of both variants 
for the first 3 years of life. However, from age 3 years 
onwards, we noted a higher BMI for the homozygous 
minor alleles carriers in comparison to the other two 
genotype groups. However, evidence for statistical 
significance was reached from the age of 4 years on-
wards. Conclusions: This is one of the first studies in-
vestigating in detail the development of BMI depend-
ing on FTO genotype between birth and the age of 
6 years in a birth cohort not selected for the phenotype 
studied. We observed that the association between 
BMI and FTO genotype evolves gradually and becomes 
descriptively detectable from the age of 3 years on-
wards.
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Introduction
The association between single nucleotide polymorphisms
(SNPs)inintron1ofthefatmassandobesityassociatedgene
(FTO)andobesity-relatedtraitshasbeenrobustlyreportedin
bothadultsandchildren[1–6].However,littleisknownabout
the longitudinal relationship between these FTO polymor-
phismsandbodymass index (BMI)andoverweight/obesity
development. Although some longitudinal studies are pub-
lishedbasedonpopulationsofadultsorchildren[7–15],only
somehavemore than2or3measurementswithin thesame
person[8,10,13–15],andonly2studiesexaminedweightdy-
namics from birth up to adulthood [10, 15].A longitudinal
studyin1,629Danishmenindicatedthattheinfluenceofin-
tron1FTOpolymorphismsonbodyweightisnotstableover
thelifespan[10],andarecentBritishcohortstudysuggested
thattheselifecoursevariationsmaystartfromtheage2years
onwards[15].Inaddition,aBritishstudyof3,582twinpairs
showedthatthegeneticinfluence(heritability)oftheFTOin-
tron1varianceonBMIbecameprogressivelystrongerinchil-
drenagedbetween4and11years[8].Thus,despitetheselon-
gitudinalfindings,confirmatorystudiesareneededtosupport
theseobservationsregardingthelongitudinaldynamicsofthe
FTOvariantsonBMIdevelopment.Duetothecriticalperi-
ods forgrowthandmetabolicprogramming towardsobesity
risk, investigations in childhood and adolescence should be
themain focus [16–18].Acloser look regarding thegenetic
influenceduringchildhoodbetweenbirthandschoolagemay
therefore give further insight into growth dynamics, later
obesityrisks,andtheextentandtimeofexpressionofthege-
neticinfluence.Inaddition,asanotherstudyreportsthatthe
influence of the FTO gene on fat mass develops already
withinthefirst2weeksoflife[12],itisstillunclearwhether
theseassociationsarealreadymanifestatbirthorstrengthen
graduallywith increasing age. Thus, the aim of the present
study is to investigatefurther,whetherassociationsbetween
FTOpolymorphismsandBMIandobesitydevelopmentare
alreadymanifestatbirthorstrengthengraduallyduringchild-
hood.
Material and Methods
Study Design and Population
Data from twoongoingGermanbirth cohorts of healthy full-termne-
onates(gestationalage≥37weeks)bornbetween1995and1999inMu-
nich,Wesel,BadHonnef, andLeipzigwere combined for longitudinal
analysesofgrowth.TheGINI-plus(GermanInfantNutritionalInterven-
tion)studyisanongoingbirthcohort, initiatedtoprospectivelyinvesti-
gatetheinfluenceofnutritioninterventionduringinfancyplusairpollu-
tionandgeneticsonallergydevelopment.BetweenSeptember1995and
July1998,a totalof5,991healthyfull-termnewbornswererecruited in
obstetricclinicsinMunichandWesel.Thecohortiscomposedofanin-
tervention(n=2,252)andanon-interventiongroup(n=3,739).Group
assignmenthasbeenbasedonfamilyhistoryofallergy.Theintervention
comprised nutritional advice promoting breastfeeding for at least 4
monthsanda randomized trialon theeffectofhydrolyzed formulavs.
conventionalcow-milkformulainpreventingallergies.Detailsonstudy
designaredescribedelsewhere[19–21].TheLISA-plusstudyisanongo-
ingpopulation-basedbirthcohortstudyofunselectedinfants,designedto
assess ‘Influences of Lifestyle-Related Factors on the Immune System
and theDevelopment ofAllergies in Childhood’. BetweenNovember
1997 and January 1999, n= 3,097healthy full-termnewbornswere re-
cruited from 14 obstetrical clinics inMunich, Leipzig,Wesel, andBad
Honnef.Detailsonstudydesignarepublishedelsewhere[22,23].Both
birthcohortstudiesshareidenticalstandardoperatingproceduresforthe
6-year follow-upandvery similar studyprotocols. Scheduled timingof
follow-ups for questionnaires were at 0, 6, 12, 24, 36, 48, 60, and 72
monthsintheGINI-plusstudyandat0,6,12,18,24,48,and72monthsin
theLISA-plus study.Forboth studies,approvalby the respective local
Ethics Committees (Bavarian GeneralMedical Council, University of
Leipzig,MedicalCouncilofNorth-Rhine-Westphalia) andwritten con-
sentfromthefamiliesofparticipantswereobtained.
Atthe6-yearfollow-up,allparentsofthechildrenstillparticipating
inthebirthcohorts(n=6,081)werecontactedandaskedtoconsentto
theirchild’sbloodsamplingandgenotyping.Abouthalfofthesetargeted
children actually participated (n = 2,897). Genotyping for the SNPs
rs1558902andrs9935401wassuccessfullyconductedinn=2,851andn=
2,839infants,respectively.Missingvaluesinweightandlengthorageof
measurementsleftn=2,738andn=2,728infants.Asallanalyseswere
adjustedforthedichotomouscodedvariable‘anymaternalsmokingdur-
ingpregnancy’(withfurthermissingvalues), thefinalanalysespopula-
tion comprised n = 2,732 and n = 2,722 infants, respectively, at birth.
Note that the final analysis population for rs1558902 comprises 1,006
childrenfromtheLISAstudy(37%)and1,726childrenfromtheGINI
study(63%).Amongthe latter,867children(50%)participated inthe
interventionalpartoftheGINIstudywithinthefirst16weeksoflifeas
describedabove.
Measurements
BMI, Overweight, and Obesity
Anthropometricmeasurements ofweight and lengthwereobtainedby
questionnairereportedresultsoftherecordedpreventivemedicalcheck-
ups in thewell-baby check-upbooks (‘U-Untersuchungen’).These are
repeatedphysicalexaminationsofthechildconductedbyapediatrician
atbirth,atday3–10,week4–6,month3–4,6–7,10–12,21–24,43–48,and
atthe60–64thmonthsoflife(designatedtimeschedule)tomonitorphysi-
calgrowthandindicationsofadversehealthoutcomes.Duetovariation
inageofactualweightand lengthmeasurement,dataareavailable for
almosteverymonthinthefirst2yearsoflifeandinduedetailforthere-
mainingyearsuptotheageof6years.BMIisdefinedasweightinkilo-
gramdividedbysquaredlengthinmeters.Notethatwedidnotmodelthe
influenceofthetwoFTOvariantsonoverweightandobesitylongitudi-
nallybydichotomizingoursampleusingthecut-offsforoverweightand
obesity(90thand97thpercentile)followingtherecommendationofthe
German obesity society (www.adipositas-gesellschaft.de/daten/Leitlinie-
AGA-S3–2009.pdf)asdichotomizationofaquantitativetraitusingpopu-
lation-baseddataingeneral[24]andpowerconsiderationsindicatedthat
thisisoflimitedvalue.Powercalculationsassumingrelativerisksof1.5
and2and1.25and1.5foroutcomesobesityandoverweightbetweenthe
genotypesrevealedamaximumcomparisonwisepowerof69and65%at
2yearsofageandonly46and45%attheageof5–6yearsusingthege-
neticpowercalculatorsoftware[25],witha=0.05fortheHapMap-based
minorallelefrequencyestimatesofthetwoSNPs.
Adjustment for Maternal Smoking during Pregnancy
Mothers’questionnaire-basedreports(shortlyafterbirth)ofanymater-
nalsmokingduringpregnancy(indicatorcodedas1=yesvs.0=no)was
usedtoadjustfortheknowninfluenceofmaternalsmokeonbirthweight
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rately.Allreportedmodelswereadjustedforthechild’sgenderandthe
mother’ssmokingstatusduringpregnancy.Formoreflexibilitywithre-
gardtothemodelingofthedevelopmentchartsforthecontinuousout-
come BMI, we used fractional polynomial (FP) models proposed by
Royston,Altman,Sauerbreiandothers[29–31].TheseFPmodelsrequire
lessparameterstobeestimatedascomparedtotraditionalhigherorder
polynomialfits;consequently,theyarefrequentlymorerobust.Thebest-
fittingfunctionalformofthevariablesage,FTOgenotypeandinteraction
ofageandFTOgenotypewereidentifiedbythe‘mfp’moduleofthesta-
tisticalsoftwareStataversion9.2.(uptoseconddegreeFPandwithpo-
tentialtransformationpowersp={of–2,--1,0.5,0=ln(x),1,2,3}within
GEEmodels forwhich an exchangeableworking correlationwasused
[32].
Beforepotential transformationof variables ‘SNP’and ‘AGE’ (and
theirinteraction)byFP,themodelscanbewrittendownas:
g(outcome) = b0 + b1SNP + b2AGE + b3SNP × AGE + b4boy + b5‘maternal 
smoke’,wherelinkfunctiong(∙)isidentityforBMI.NotethattheFPsoft-
ware requires that all variablesused forFP transformationaregreater
thanzero.Thus‘1’wasaddedtothevariables‘AGE’and‘SNP’andto
theinteraction‘AGE’× ’SNP’.
Weassessedstatisticalsignificantdifferencesamonggenotypetrajec-
tories at certainagesbyadaptinganapproach fromSingeret al. ([33],
chapter5.4.)Inbrief,foreachageofinterest,acubicGEEmodelwithall
thevariablesoftheoriginalmodelwasestimated,however,withagecen-
teredat24,30,36,39,42,45,48,51,54,57,60,and66months, respec-
tively.Bythisproceedingall termsinvolvingcenteredagearezero,be-
causetheageofinterestissubtractedfromtheoriginalage.Thusthere-
gressioncoefficientsofthetwoindicator-codedvariablesofthegenotypes
withnooroneriskallele(referenceisA/Agenotype)aretheestimatesof
thedifferenceintrajectoriesbetweenthesegenotypesandthegenotype
withtworiskallelesatthatparticularage,andcanthusbeevaluatedfor-
and later growth [26, 27]. As maternal smoking during pregnancy is
stronglyassociatedwithsocio-economicstatusandeducation,adjustment
wasrestrictedtomothers’smokingstatus.[28]
Genotyping
TheFTOgenewastaggedbytwoSNPs(rs1558902,rs9935401).Genomic
DNAofGINIandLISAparticipantswasextracted fromblood leuko-
cytes using the PuregeneTMDNA IsolationKit (Gentra Systems,Big
Lake, MN, USA) according to the manufacturer’s recommendations.
GenotypingwasdonewithMALDITOFMSusingiPLEX™Goldchem-
istry (Sequenom, San Diego, CA, USA). We chose rs1558902 and
rs9935401andnotthepreviouslypublishedFTO-SNPrs9939609asboth
taggedSNPsareinhighlinkagedisequilibrium(LD)withrs9939609.Ac-
cording toHapMapLD, rs9939609 shows r2 andD’of 0.934and0.966
withrs1558902and1.0and1.0withrs9935401,respectively.Discordance
in10%routineduplicateswas<0.5%.
Statistical Analysis
Generalizedestimationequation(GEE)modelswereusedtoaccountfor
correlationsbetweenrepeatedmeasurementsovertimeandtoassessthe
potential influence of the FTO-SNP genotype for rs1558902 and
rs9935401onthedevelopmentofBMI,overweight,andobesity inchil-
drenfrombirthupto6years.Genotypeswerecodedasadditive(i.e.0=
nominorallele,1=1minorallele,2=2minoralleles).Wechoseadditive
codingasmostpreviousstudiesdidsoandbecausetestingfordeviation
fromanadditivegeneticmodeldidnotsupportadominantorrecessive
modelofassociationwiththeoutcomeBMI.Thetestwasperformedby
includinganindicatorvariablefortheheterozygousgenotypeinaddition
totheadditivecodedSNPinaregressionmodelfortheoutcomeBMI.
This testwasperformedat eachof the9measurementoccasions sepa-
Table 1. Characteristicsoftheanalysispopulationa
Boys(n=1,419) Girls(n=1,313) Total(n=2,732)
meanor% SDor95%CI meanor% SDor95%CI meanor% SDor95%CI
Weightatbirth,g 3,541 462 3,393 449 3,470 462
Lengthatbirth,cm  52.4   2.5  51.5   2.4  52.0   2.5
BMIatbirth,kg/m2  12.9   1.2  12.8   1.2  12.8   1.2
%Overweightatbirthb   3.6(51/1,419)   2.6–4.6   4.5(59/1,313)   3.4–5.6   4.0(110/2,732)   3.3–4.8
%Obeseatbirthc   0.9(13/1,419)   0.4–1.4   1.1(14/1,313)   0.5–1.6   1.0(27/2,732)   0.6–1.4
%Anymaternalsmoking
duringpregnancy
 14.1(197/1,419)  12.1–15.7  13.6(179/1,313)  11.8–15.5  13.8(376/2,732)  12.5–15.1
aAnalysispopulationcomprisesallinfantswithinformationatSNPsrs1558902orrs9935401,BMIatbirthandmaternalsmokingstatusduring
pregnancy.
bDefinedas≥90thpercentileofBMIatbirthaccordingtonewageandgender-specificWHO-Child-GrowthStandards[42–44].
cDefinedas≥97thpercentileofBMIatbirthaccordingtonewageandgender-specificWHO-Child-GrowthStandards[42–44].
dbSNP,
Build129
Position,bp Possiblefunctional
region
Alleles(major/
minor),1/2
Numberofsubjectswith
genotypea
Genotyping
successrate,%
11 12 22
rs1558902 51,196,264 chrom16:intron1 T/A 945 1,300 487 98.4
rs9935401 52,374,339 chrom16:intron1 G/A 969 1,316 437 98.0
aGenotypefrequenciesarebasedonallavailablegenotypinginformationamongtheanalysispopulation(seetable1),i.e.
allinfantswithinformationongenotypeatSNPsrs1558902orrs9935401,BMIatbirth,andmaternalsmokingstatusduring
pregnancy.
Table 2. Character-
isticsoftwointron
1FTOvariants
(rs1558902and
rs9935401)
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FTOSNPsarelistedintable2.Asallresultsbelowwerevery
similar for rs9935401, which is in strong linkage disequilib-
rium(estimatedr2=0.94)withrs1558902,wedecidedtofocus
on rs1558902. The results for rs9935401 are summarized in
table3.
Development of BMI
Regressioncoefficientsfromthebestfittingfractionalpolyno-
mial model for the influence of the genotypes of SNP
rs1558902onBMIfrombirthuptoage6yearsareshownin
table4. TheresultingtrajectoriesinBMIoveragefrombirth
upto6yearsforthe3genotypesaredisplayedinfigure1.For
mally.AllanalysesweredoneusingSAS9.1.3(SASInstituteInc.,Cary,
NC,USA)orStataversion9.2. (StataCorpLP,CollegeStation,Texas,
USA).Forevaluationofevidenceagainsttherespectivenullhypotheses,
standarderrors(SE),exactpvaluesforthose>0.001,andconfidencein-
tervals(95%CI)fortheestimatesandmainresultsarereportedfollow-
ingtheproposalbySterneandDaveySmith[34].
Results
Characteristicsoftheanalyzedpopulationatbirthare listed
intable1.Informationregardingposition,functionalregion,
genotypingfrequencies,andsuccessrateforthetwoanalyzed
Variablea b SE 95%CIb pvalue
FTO-SNP:rs9935401
FP1:loge(SNP)+c1 1.001 0.046 0.91 1.09 <0.001
Age,months
FP2:(age/10)–2+c2 –0.462 0.005 –0.47 –0.45 <0.001
(age/10)–2×loge(age/10)+c3 –0.171 0.002 –0.18 –0.17 <0.001
InteractionSNP×age
FP2:loge(SNP×age/100)+c4 –1.005 0.015 –1.03 –0.98 <0.001
(SNP×age/100)3+c5 0.035 0.009 0.02 0.05 <0.001
Boyversusgirl 0.308 0.036 0.24 0.38 <0.001
Maternalsmokingduringpregnancy 0.168 0.052 0.07 0.27 <0.001
Intercept 16.213 0.028 16.16 16.27 <0.001
aGenderiscodedasboy=1vs.girl=0;anyreportedmaternalsmokingduringpregnancyiscoded
as1andnosmokingas0;duetorequirementsoffractionalpolynomialsoftware(seestatistical
methodssection),theSNPiscodedasG/G=1,G/A=2,A/A=3,andAGEiscodedinmonths
plus1.ThefollowingconstantswereincorporatedintheFPbytheestimationprocedureofthe
software:c1=–0.5899246656;c2=–0.2994074434;c3=–0.1805351951;c4=1.109227723;
c5=–0.0358761278.
b95%confidenceintervalaroundestimateofregressioncoefficientb.
Table 3. Bestfittingfractionalpolynomial
GEEmodelfortheassociationofrs9935401
andBMIdevelopmentfrombirthtoage
6years
Variable b SE 95%CIb pvalue
FTO-SNP:rs1558902
FP1:loge(SNP)+c1 0.998 0.045 0.91–1.09 <0.001
Age,months
FP2:(age/10)–2+c2 –0.462 0.005 –0.47to–0.45 <0.001
(age/10)–2loge(age/10)+c3 –0.171 0.002 –0.18to–0.17 <0.001
InteractionSNP×age
FP2:loge(SNP×age/100)+c4 –1.007 0.015 –1.04to–0.98 <0.001
(SNP×age/100)3+c5 0.033 0.008 0.02–0.05 <0.001
Boyversusgirl 0.316 0.036 0.25–0.39 <0.001
Maternalsmokingduringpregnancy 0.166 0.052 0.06–0.27 0.001
Intercept 16.204 0.028 16.15–16.26 <0.001
aGenderiscodedasboy=1versusgirl=0,anyreportedmaternalsmokingduringpregnancyis
codedas1andnosmokingas0,andduetorequirementsoffractionalpolynomialsoftware(see
statisticalmethodssection),theSNPiscodedasT/T=1,T/A=2,A/A=3andAGEiscodedin
monthsplus1.ThefollowingconstantswereincorporatedintheFPbytheestimationprocedure
ofthesoftware:c1=–0.6051436599;c2=–0.2994851627;c3=–0.1805431932;c4=1.094088163;
c5=–0.0375431445.
b95%confidenceintervalaroundestimateofregressioncoefficientb.
Table 4. Bestfittingfractionalpolynomial
GEEmodelfortheassociationofrs1558902
andBMIdevelopmentfrombirthtoage
6yearsa
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stratifiedby the child’s genderand inanalysesomitting the
mother’s smoking status.Moreover, sensitivity analyses ex-
cluding867childrenfromtheinterventionalpartoftheGINI
studydidnotsubstantiallychangetheresultsreportedforthe
fullsample(datanotshown).
Discussion
Weanalyzeddevelopmentalaspectsofthecommonintron1
variantsrs1558902andrs9935401oftheFTOgenefrombirth
uptotheageof6yearsinapopulation-basedbirthcohortof
2,732 full-term infants.Toourknowledge, this isoneof the
first reports based on frequently repeated anthropometric
measures (2–9measurements,average8.7) in thesamechil-
dren.We show that theBMI trajectories vary by genotype
status, and that thesedifferencesbecomeobservablebyan-
acloserinspectionofthedifferencesbetweenthegenotype’s
trajectories,figure2showsanenlargedversionoffigure1re-
strictedtoagesfrom2yearsonwards.
Asindicatedbythe95%CIandtheverysmallpvaluesof
the regressioncoefficients for theFTOSNPand its interac-
tionwiththevariable‘AGE’,thereisstrongevidenceagainst
thenullhypothesesofnoinfluenceofthegenotypesonBMI,
whichvariedlongitudinally.Asoutlinedbythetrendsforthe
3genotypestatusstrata,the3BMItrajectoriesstarttodiffer
aftertheageof3years.ThisdriftismostobviousfortheA/A
genotype carriers.However, although a tendency for diver-
gence is alreadydetectable from3yearsonwards, statistical
significanceintrajectoriesbetweencarriersofnoversuscarri-
ersoftworiskallelesareseenonlyfrommonth48onwards
(data not shown). Note that all analyses were adjusted for
child’sgenderandmaternalsmokingduringpregnancy.Simi-
larresults(datanotshown)werefoundinsensitivityanalyses
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Fig. 2.BMIdevelopmentfromage2to6years
stratifiedbyFTOgenotypestatus(rs1558902)
modeledbyfractionalpolynomialGEEsad-
justedforgenderandmaternalsmokingduring
pregnancy.Genotype:––T/T;––T/A;––A/A;
····95%predictionintervalaroundtheBMI
trendfortheknownobesityriskgenotypeA/A
ofrs1558902.
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Fig. 1.BMIdevelopmentfrombirthtotheage
of6yearsstratifiedbyFTOgenotypestatus
(rs1558902)modeledbyfractionalpolyno-
mialGEEsadjustedforgenderandmaternal
smokingduringpregnancy.Genotype:––T/T;
––T/A;––A/A;····95%predictioninterval
aroundtheBMItrendfortheknownobesity
riskgenotypeA/Aofrs1558902.
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some time to accumulate excessive weight. However, rela-
tivelylittleisknownaboutthebiologicalmeaningoftheFTO
finding(seeFischeretal.[39]foranexception,whoseresults
ofananimalmodelindicatethatFTOisfunctionallyinvolved
inenergyhomeostasisbycontrolofenergyexpenditure;an-
otherrecentreferenceisChurchetal.[40]).Likeotherepide-
miologicalknowledge,ourobservationmightneverthelessbe
ofimportancetoresolvesomeoftheopenquestionsregard-
ingthebiologyinhumans,oncemoreisknownfromanimal
models,forexample.
Other limitationsof thepresent studyare thepopulation
which isnotenriched foroverweightorobesechildren,and
thatthefollow-upislimitedtotheageof6years.Whilethe
firstconstraintleadstoalackofpowertodetectassociations
withoverweightandobesity,thesecondconstraintwillbethe
subjectofsubsequentanalysesasbothbirthcohortsareongo-
ing.Afurtherlimitationisthatwrittenconsenttogenotyping
wasgivenonlybyhalftheparentsofthechildrenstillinfol-
low-upat6years.However,participation inbloodsampling
for genotyping was independent from child’s BMI at the
6-year follow-up.Therefore,weconsider itunlikely that the
sample has a relevant selection bias.As another limitation,
further adjustments in addition to ‘gender’ and ‘maternal
smokingduringpregnancy’wouldcertainlybeofinterestwith
themostobviouscandidatesbeingthemother’sBMIorobes-
ity status at thebeginningofpregnancy.As informationon
thisvariableisavailableforonlyasmallnumberofindividu-
als(n=985),wedecidedagainstthisproceedingforobvious
reasonsrelatedtolackofpower.Againreferringtotheongo-
ingsampling,wemaybeabletoaddresssuchquestionslater.
Inaddition,weperformedseveralsensitivityanalyses.We
accounted for the problemof increasing variability ofBMI
with age as discussed byCole [41] by adjusting forBMI at
birth,at2yearsofage,orboth.Thepotentialbiasresulting
fromthefactthataboutathird(n=867)ofthestudiedpopu-
lation(n=2,732)tookpartinanutritionalinterventionwithin
the first 4monthsof life,was investigatedbyexcluding this
groupofinfantsinsensitivityanalyses.Additionalsecondary
analyseswereperformedfortheoutcomeBMI-SDS(derived
fromnewgender-andage-specificgrowthcurvestandardsof
the WHO (www.who.int/childgrowth/en/ and www.who.int/
growthref/en/forchildren5yearsandolder).Finally,wealso
explored theeffectof thenecessaryaddingofa constant to
theagevariableasFPmodelsrequirevariables>0byevalu-
atingmodelswithdifferentconstants(0.1,0.5,1.0).Allresults
ofthesesensitivityanalyseswereinlinewiththeresultsofthe
originalFPmodelsandresultedinsimilarestimates(datanot
shown).
In conclusion, this is (toourknowledge)oneof the first
papersanalyzingdevelopmentalaspectsofcommonintron1
variantsofthebestvalidatedobesitygeneFTOfrombirthup
totheageof6yearswith2–9(average8.7)repeatedmeasure-
ments ina largepopulation-basedbirthcohortof2,732full-
terminfants.WeshowthattheassociationbetweenBMIand
thropometric measures from the age of 3 years onwards.
However,significancewasreachedbytheageof4yearsand
later.ThisdriftismostobviousfortheA/Agenotypecarriers
andcouldpotentiallyindicateorcontributetoanearlier‘adi-
posityrebound’[35]forthisgenotypethanforthetwoother
genotypes.However, data beyond the 6-year follow-up are
needed to confirm this. Inaddition,ourmodeling indicated
that the change of theBMI trajectories varies by genotype
status.
OurobservationsmatchthosemadebyHaworthetal.[8]
who report a progressively larger heritability estimate of
BMIover timeandanage-dependent strongerassociation
signalforthecommonvariantrs9939609ofFTOandBMIin
3,582twin-pairsatages4,7,10,and11years.That thege-
neticinfluenceislikelysmalleratbirthisalsosupportedby
an early study on variations of birth weights in twins, in
whichaheritabilityofonly 40%was reported [36].More-
over,ourresultsareconsistentwiththereportsthatdemon-
stratenoassociationofFTOandBMIatbirth,butdoshow
anassociationatage7+[1–3,9,10].Notethatnoneofthese
studieshavereporteddataonBMIorobesity-relatedtraits
for children younger than 6 years. Finally, similar results
havealsobeenreportedbyJessetal.[10]whoshowin1,629
DanishmenthattheFTOSNPrs9939609isassociatedwith
BMIoverthelifespan(birth,7,10,13,20,35,46years)with
varyingstrengths(noeffectatbirth),withthestrongestef-
fect observed at the age of 7 years. In addition, a recent
study fromHardy et al. [15] analyzing the association be-
tweenFTOvariantrs9939609andBMIfrom2to53yearsof
age,withanthropometricmeasurementsatage2,4,6,7,15,
20,26,36,43,and53years,alsosupportsourclaimthatBMI
varies longitudinallywithFTO genotype from early child-
hood (i.e. from4years)onwards, and that this association
strengthenswithage.
ShiftingtomeasuresoffatmassotherthanBMI,thedata
ofLopez-Bermejoetal.[12]for234full-termneonatesindi-
cate, however, that an association between the FTO SNP
rs9939609andfatmassaccretion(asmeasuredbyserumvisfa-
tin)mightbepresentasearlyas2weekofage.Onepossible
explanation is the known inaccuracy of BMI as a proxy
markerforfatmass[37].Inparticular,fatmass-relatedeffects
oftheFTOgenotypethatcauseobservablechangesofBMI
may indeed go undetected at earlier ages (younger than 3
years). Thus, with regard to the anthropometric measure
BMI,weinterpretourresultasevidenceofagraduallyemerg-
ingimpactoftheFTOgenotypeonBMI.Arecentepidemio-
logicalstudymeasuringfoodintakeinchildrenandshowing
thatenjoymentoffoodisenhancedandsatietyresponsiveness
isreducedforcarriersoftwocopiesoftheriskallele,suggests
thattheeffectofFTOonBMIworksviaappetitecontrol[38].
Thiscouldalsobeabiologicallyplausibleexplanationwhythe
effectofFTOonBMIisnotimmediatelyseenatbirthinour
study.IfFTOaffectsBMIdevelopmentviaappetitecontrol,
its effect would start with enteral feeding, and itmay take
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theFTOvariantsdevelopsgraduallyandisobservableatthe
ageof3yearsorlaterandreachesstatisticalsignificancefrom
age4yearsonwards.Atyoungerages,BMImightnotbethe
optimalmeasuretoestablishassociationswithobesity-related
geneticvariants.ThisdriftismostobviousfortheA/Ageno-
typecarriersandcouldpotentiallyindicateanearlier‘adipos-
ity rebound’ for this genotype than for the twoothergeno-
types.However,databeyondthe6-yearfollow-upareneeded
toconfirmthis.Onemightspeculatewhetherapotentialrea-
son for this gradual evolvement could be thatFTO affects
BMIdevelopmentviaappetite controlas the results froma
recentstudyinchildrensuggest.However,functionalstudies
aboutthebiologicalmeaningoftheFTOfindingarestillvery
rare.Likeotherepidemiologicalknowledge,ourobservation
mightneverthelessbeof importance to resolve someof the
open questions regarding weight regulation biology in hu-
mans,inparticulartobackupsomeofthefindingsbasedon
e.g.animalresearch.
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